Introduction
Contemporary humans have spread over the entire globe. This dispersal started from Africa. About 100 thousand years ago (kya), a small group of anatomically modern humans migrated out of Africa. We will never know for sure what initiated this migration. It has been speculated that after evolving in Africa, population sizes of humans grew rapidly, eventually outgrowing their natural resources. They initiated exploration of new territories in search of food. There may also have been other causes for the dispersal, such as behavioral changes [1] . From various types of data -in particular, archaeological and genetic -it is now evident that the descendants of those who migrated out of Africa expanded in number to form most contemporary human populations [2] [3] [4] . The early out-of-Africa migrants colonized South Asia, dominated by India, and including Pakistan, Nepal, Bhutan, Bangladesh, Sri Lanka and parts of South-East Asia, especially Myanmar.
As humans expanded and migrated out from Africa, they settled down in different geographical locations in small groups. The process of settling may have taken place serially or in a stepwise fashion. That is, as a group of modern humans moved out of Africa and settled down in a new geographical area, they continued to inhabit the new area for several hundred or several thousand years, until population expansion and concomitant pressure on natural resources forced a group of humans from the new area to colonize yet another uninhabited area. The process continued for thousands of years; today humans occupy the entire world [3] . Because of the founding of new populations, and evolutionary accumulation of new genetic variation, it is expected that the genetic distance between the source population (Africa) and a descendant population will increase with increasing geographic distance between them. Indeed, such a relationship has been observed [5] . A conceivable scenario of the process of peopling (the geographical spread of modern humans) is that the group of modern humans who moved out of Africa settled in a new area and underwent population expansion in the new area and then a subgroup moved further on to another area. In other words, serial expansion, fission and movement perhaps resulted in the massive geographical spread of modern humans. Support for this mode of peopling has been obtained from genetic data [3] . The process of local population expansion followed by dispersal to newer areas, coupled with evolution of cultural practices and geographical distance acting as a barrier to human contact, also resulted in the formation of intra-marrying groups; groups within which there was considerable gene exchange among individuals, but between which there was little genetic exchange. The development and evolution of language and culture exaggerated the formation of such groups.
Genetic diversity within a geographical area is a reasonable indicator of the age of the populations' residence in that area. However, it is also dependent on the effective sizes of populations, implying thereby that the assessment of antiquity may not be straightforward. It is now well-established that Africa harbors the highest genetic diversity among continental populations. Notably, the genetic diversity in India, the heartland of south Asia, is second only to that of Africa. Thus, it is likely that India became peopled in one of the early waves of migration that originated in Africa. What remains controversial is whether there were multiple waves of migration from Africa, and what the timing of these migration events was. Lahr and Foley [5, 6] , for instance, postulated that there were two waves: one via a northern exit route through the Nile valley associated with Upper Paleolithic blade-dominated technology (as found in excavation sites in Israel and Lebanon, both dated between 45 and 50 kya) and another, associated with the simpler Middle Paleolithic technology, via a southern exit route from the Horn of Africa across the mouth of the Red Sea along the coastline of India to southeastern Asia and Australia. The dispersal through the southern exit route was postulated to have taken place substantially earlier (about 70-80 kya) than that through the northern route (about 45 kya) [5] . Archaeological evidence to resolve this controversy has been scanty, primarily because the coastlines of that period have become deeply submerged because of the rapid rise of sea levels [7] . However, some recent archaeological finds from India have been interpreted to reveal that the major route of dispersal was through the southern route [8] .
Molecular genetic studies, primarily those based on DNA polymorphisms in mitochondrial DNA (mtDNA) and the non-recombining portion of the Y-chromosome (NRY), have favored a single southern dispersal route. mtDNA signatures of Indian and other Asian populations are all derivatives of M and N lineages, which themselves derive from the L3 lineage now found only in Africa. The M and N lineages probably diverged from L3 shortly after their dispersal from Africa [9] . Y-chromosomal data are also indicative of dispersal through the southern route: C and D Ychromosomal lineages are found only in the Asian continent and Oceania [10, 11] and not in western Eurasia and north Africa. Therefore, some human molecular geneticists have argued that the nature and extent of genetic diversity found in non-African populations cannot be reconciled with multiple dispersal events [12, 13] .
Estimates of the date of migration from Africa into south Asia (India) based on genetic data have also been variable. Most estimates fall between 45 and 60 kya, but a recent genetic study has pushed this date back by about 10,000 years [14] . Some social scientists have also opined that modern humans reached India as early as about 70 kya [15] . This estimate is based on the nature and dating of stone tools and skeletal fossils found at archaeological sites, but is also based on some interpolation of dates of such materials found in Pakistan and Australia. Estimating the date of a migration event from genomic data of contemporary populations is difficult because of uncertainties about past population sizes, rates of genomic changes and selection pressures. Furthermore, mtDNA and Y-chromosomal DNA markers essentially segregate as a single locus -because of lack of recombination among these loci. Together with their nature of transmission -Y-chromosomes only male to male and mtDNA only through females -this implies a strong impact of genetic drift due to a small effective population size. By contrast, the population genetic behavior of autosomal genetic markers can be quite different. These uncertainties and differences have surely contributed to the variability in estimates of dates of migration events or population divergence.
Social Structure of Extant Populations of South Asia
South Asia comprises the present day countries of India, Pakistan, Bangladesh and Sri Lanka. Irrespective of the route taken by modern humans in the out-of-Africa migration and in spite of the uncertainty about its date, there is no doubt that one of the earliest waves reached India at least 50 kya [16] . There is evidence that in the next 20,000 years, modern humans reached Sri Lanka [15] . Contemporary India is a rich tapestry of largely intra-marrying ethnic populations. These populations belong to a diverse set of culture and language groups. Interestingly, the geographical distribution of the language groups within India is largely non-overlapping. The Dravidian speaking groups inhabit southern India, Indo-European speakers inhabit northern India and TibetoBurman speakers are confined to northeastern India. By contrast, the numerically small group of Austro-Asiatic speakers, who are exclusively tribal, inhabits fragmented geographical areas of eastern and central India. Culturally, the vast majority of the people of India belong to either tribal or caste societies. The tribal populations are characterized by their traditional modes of subsistence: hunting and gathering, unorganized agriculture, slash and burn agriculture and nomadism (among a limited number of groups). They also have no written form of language and speak a variety of dialects. On the other hand, the Hindu society in India comprises castes, which carry out a wide range of occupations and have written forms of languages. There is overwhelming anthropological and genomic evidence that the tribal populations are the autochthones of India [17, 18] . It has been estimated that there are over 400 tribal groups and over 4,000 caste groups in India [19] . Populations belonging to the caste fold have a ranked social order. There are four broad caste groups: The Brahmin or priest caste; the Kshatriya -warrior; Vaisya -trader and husbandman; and, Sudra, the lowest caste [20] . Based on self-perception and others' perception, the caste populations are now ranked as high, middle and low [21] . While the usage of the ranks as 'high', 'middle' and 'low' can appear socially derogatory, ''stratification of Indian society reflects and explains a great deal of Indian history, if studied in the field without prejudice'' [20] . There is virtually no exchange of genes between tribal populations or between tribal and caste populations. There is also little exchange of genes between castes, primarily due to strict social rules of marriage within the caste system. Social stratification and norms governing mate-exchange between social strata impact on genetic structures of populations. While such stratification and norms exist in many human societies, nowhere are the norms followed with as much rigor as in India. Therefore, human geneticists have studied the genetic structures, similarities and dissimilarities of ranked caste groups in India aiming to shed light on human history, without prejudice. Historical and anthropological studies (e.g., [20, 22] ) suggest that in the establishment of the caste system in India there have been varying levels of admixture between the tribal people of India and the later immigrants bringing along with them agriculture, pottery and metals from central and west Asia. In other words, castes of different ranks in the contemporary Hindu society putatively have had different degrees of admixture with immigrants into India from central and west Asia. The immigrants from central and west Asia who likely entered India through the north-western corridor, spread to most areas of northern India, but not to southern India. In other words, southern and northern India had differential inputs of genes from central and west Asia. This differential admixture is expected to have differential impacts on the genetic structures of castes of different ranks.
The Enigmatic Original Settlers of South Asia
The Austro-Asiatic speaking populations of India, who are exclusively tribal, show the highest frequencies of the ancient mtDNA lineage M [17] . They also show the highest frequency (about 20%) of sub-lineage M2 [17, 23] , which has the highest nucleotide diversity within a fast evolving segment (HVS1) of the mtDNA compared to other sub-lineages. Based on these patterns, it has been suggested that the Austro-Asiatic speakers are possibly the earliest settlers of India [17] . Recent results on Y-chromosomal markers provide further support for this inference. The Y lineage O-M95, found in high frequency in India, had originated in the Indian Austro-Asiatic populations around 65 kya [24] note, however, that this age estimate derived from data on length variation of Y-chromosomal short tandem repeat polymorphisms, and may need to be confirmed from data on biallelic markers. These findings are consistent with Renfrew's [25] observation that the present distribution of the Austric language group is owing to the initial dispersal process out of Africa, whereas later agricultural dispersal can account for distribution of the Elamo-Dravidian or Sino-Tibetan languages (to which family Tibeto-Burman languages belong). However, a recent study [26] has found that many Dravidian tribal populations also have M2 frequencies comparable to those of the Austro-Asiatic tribal people, and the estimated time-depths of the M2 lineage among Austro-Asiatic and Dravidian populations are of similar magnitudes. This and a previous study [27] have emphasized that it would be speculative to tag a population or a set of populations as being descendants of the earliest settlers of south Asia, especially because none of the more ancient lineages can be definitively associated with any specific group of populations, such as populations belonging to a linguistic group.
Geographic, Social and Sex Biases of Gene Flow into India Analysis of genetic structure has shown that Indian ethnic populations when grouped as tribal versus non-tribal, or by geographical region of habitat, or by linguistic affiliation, have resulted from admixture of four or five ancestral populations [17, 18] . In addition to the original African source population, West Asia (by demic diffusion of agriculture) and central Asia have been the major contributors to the Indian gene pool [28] , although migrations from these regions have taken place in historical times, perhaps not earlier than 8 kya. The variation of female lineages (mtDNA) in India is rather restricted [29] . By contrast, the variation of male lineages (Y-chromosomal) is very large [30] . This pattern is indicative of sex-biased gene flow into India with more male immigrants than female. Historical data (such as, records of invasions and wars) indicate that predominantly males invaded from central Asia into India [28] . However, the initial view that there had been a large-scale migration from central Asia into India has been significantly modulated. The mtDNA lineage U, which is likely to have arisen in central Asia, has a high frequency in India implying that large-scale migration brought a large number of copies of this lineage into India. However, this lineage was shown to comprise two deep sub-lineages, U2i and U2e, with an estimated split around 50 kya [31] . The sub-lineage U2i is found in high frequencies in India (particularly among tribes) but not in Europe, whereas U2e is found in high frequencies in Europe but not in India (except at very low frequencies among castes, but not tribes [17, 31] ). Thus, a substantial fraction of the U lineage -specifically, the U2i sublineage -is indigenous to India [30, 31] .
We note that complete mtDNA genome sequencing has revealed a large number of sequence variants within major haplogroups in Indian populations, many of which, however, occur sporadically [32] . Analysis of these data has indicated a common spread of the root haplotypes of haplogroups M, N and R around 70-60 kya along the southern exit route. The analysis has further revealed that entry of the haplogroup U2 dates after the earliest settlement along the southern route.
Central Asian populations are supposed to have been major contributors to the Indian gene pool, particularly to the northern Indian gene pool, and the migrants had supposedly moved into India through what is now Afghanistan and Pakistan. Using mitochondrial DNA variation data collated from various studies, we have shown [17] that populations of Central Asia and Pakistan show the lowest coefficient of genetic differentiation with the north Indian populations (F ST = 0.017), a higher differentiation (F ST = 0.042) with the south Indian populations, and the highest (F ST = 0.047) with the northeast Indian populations. Northern Indian populations are genetically closer to Central Asians than populations of other geographical regions of India [17, 23] . Consistent with the above findings, a recent study [33] using over 500,000 biallelic autosomal markers has found a north to south gradient of genetic proximity of Indian populations to western Eurasians. This feature is likely related to the proportions of ancestry derived from the western Eurasian gene pool, which, as this study has shown, is greater in populations inhabiting northern India than those inhabiting southern India. In general, the Central Asian populations are genetically closer to the higher-ranking caste populations than to the middle-or lower-ranking caste populations [17, 23] . Among the higher-ranking caste populations, those of northern India are, however, genetically much closer (F ST = 0.016) than those of southern India (F ST = 0.031). Phylogenetic analysis of Y-chromosomal data collated from various sources yielded a similar picture [17] . Higher-ranking caste populations have been the torch-bearers of the Hindu caste system that was formalized by the Indo-European immigrants. It is likely, therefore, that there was a greater proportion of admixture between higher-ranking caste populations and Indo-Europeans. The fact that high-ranked caste populations inhabiting southern India do not exhibit as much affinity with central Asian populations as those of northern India may be explained by the recent finding [33] that the south Indian, Dravidian speaking, populations may have admixed with north Indian populations bearing ancestral signatures of the western Eurasian gene pool more recently.
High Genetic Differentiation among Indian Populations
Both tribal and non-tribal groups show significant genetic differentiation, whether autosomal [19] , mitochondrial [17] or Y-chromosomal [30] markers are used to measure differentiation. However, as mitochondrial and Y-chromosomal markers can essentially be viewed as a single marker because of lack of recombination, autosomal markers are better suited to measure differentiation. The mean value of genetic differentiation (F ST ) among 55 ethnic groups based on about 400 autosomal markers was 0.03 (0.027 among caste populations and 0.04 among tribal populations). While this value is lower than that (0.14) among continental populations [34] [35] [36] [37] , it is about an order of magnitude higher than that (0.003) found among European populations [38] . The main reasons for this high level of genetic differentiation found among Indian populations are their evolutionary antiquity and strong founder effects. The F ST values are highest for tribal populations inhabiting different geographical regions or belonging to different linguistic groups; genomic differentiation among caste groups is substantially smaller than among tribal groups [17] . There is stronger geographical sub-structuring of upper-caste populations compared with populations of other ranks [17] . The F ST for Y markers are higher than for mtDNA markers, possibly because of social practices (wives moving to their husbands' residence, but not vice versa) that enhance female mobility compared to male mobility [39, 40] .
Conclusions
South Asia has served as the major early corridor for geographical dispersal of modern humans from out-ofAfrica. The likely route of dispersal ran along the coastline of India, from the Horn of Africa and across the mouth of the Red Sea. The search for archaeological and genetic traces of the earliest settlers of this region has not provided any conclusive evidence. The tribal populations of South Asia are older than the non-tribal populations, and these groups show significant genetic differences. Gene-flow into this region has been sex-biased. The contribution of central Asian populations to the Indian gene pool has been low to moderate, but has been higher in north India than in south India. As a result of antiquity, founder effects and strict rules of endogamy, the populations of this region show high genetic differentiation and structure. A recent study [41] indicates that south Asia has also been a major contributor to the gene pool of southeast Asia. With the availability of new genotyping technologies, diversity studies encompassing a large number of populations, both tribal and caste, need to be undertaken at the genome-wide level to validate the inferences of previous studies, and to understand patterns of micro-evolution of populations of this region.
